An instrument has been developed which permits the automatic quantitation of the turbidities of microbiological assay samples. Assay tubes were fed to the instrument at the end of the incubation period. The turbidity readings were automatically converted to digital data which were printed on International Business Machines (IBM) cards and from which potencies were calculated by an IBM computer. The instrument operated at a speed of over 240 tube readings per hour and was totally automatic in sample-mixing, readout, and data recording. The instrument is being used routinely at The Upjohn Co. for the turbidimetric bioassay of vitamins, with a coefficient of variation among repeated turbidity readings of 0.12 to 0.23%.
Because of the demanding and repetitive nature of microbiological assays of antibiotics and vitamins, there is a strong trend among industries toward automation. Most attempts at automation have been based on a continuous-flow system (3, 4) . However, when the incubation period of a microbioassay is longer than 3 or 4 hr, it is less troublesome to adopt a batch incubation system. McMahan (2) designed an elaborate instrument which would dispense samples and medium, incubate, and record turbidity in digital form, all automatically.
This paper deals with an instrument which is less cumbersome and less expensive to construct, yet is totally automatic in sample-mixing, readout, and digital recording on International Business Machines (IBM) cards, and which is capable of handling more than 240 tubes per hour.
MATERIALS AND METHODS
Instrumentation. The automated turbidimetric readout instrument has four major components: a sampler, a pump, a spectrophotometer, and a digital converter with an IBM 526 summary punch unit (Fig. 1) .
The GME linear fractionator model LB1 (Gilson Medical Electronics, Middleton, Wis.) was modified and used as a sampler. The Fig. 2 ). The racks used with the linear sampler were designed to hold nine test tubes (20 by 150 mm) and were made of stainless steel. The linear sampler takes sample from three tubes in a rack, and sample change-over is made by moving racks to a new position automatically.
The GME automatic transferator model AT6 (Gilson Medical Electronics) was modified to operate two syringe pumps instead of one to increase the pumping capacity required to aspirate turbid samples to three flow cells and to increase the overflow about 3 ml to minimize the carry-over effect.
The system helped to obtain a high speed in readout. The racks used with the linear sampler were constructed to stop three tube positions at a time to facilitate sampling of three levels of turbid sample to three flow cells. Since the rack was made of stainless steel, it withstood repeated autoclaving and incubation process, thereby minimizing the manual handling of test tubes.
Encoder unit versus percentage of transmittance. A relation between percentage of transmittance with the Hitachi spectrophotometer and Encoder units was determined by use of the niacin bioassay samples, and was found to be linear between 10 and 100% (Fig. 3) . Therefore, in a practical sense, Encoder units can be treated as percentage of transmittance.
Readout delay time interval. When the turbid sample was introduced into the flow cell, it took a little while to stabilize the spectrophotometerreading. Therefore, it was important to determine a suitable delay time interval between the time the sample was introduced into the flow cell and the time the reading was taken. The instrument was set to record at 1-sec intervals from the time of sample introduction into the flow cell. The results are shown in Table 1 . Statistically, there was no significant difference between readings taken after 4 sec. Therefore, 4 sec was considered the minimal delay time required to obtain a stable reading of a turbidimetric sample.
Turbidimetric sample readout. When the automated instrument was used to read plain medium repeatedly, the coefficient of variation among 12 readings was approximately 0.13% (Table 2) . Also, Table 2 indicates that the three flow cells used were closely matched. The coefficient of variation among 12 readings was slightly higher (0.23%) when turbid suspensions were used (Table 2 ). However, this increase can easily be tolerated since the instrument is intended for use with bioassays.
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